Reference Works
Vulnerability assessment tools in the context of climate change are relatively new and remain limited. However, information, methods, and tools used in other contexts and regions can be adapted to the needs of climate change impact studies. Basic knowledge about impacts, vulnerabilities, and adaptation to climate change can be found on the website of the Intergovernmental Panel on Climate Change, Working Group II (IPCC WGII). Association of American Geographers 2003 presents a good resource for understanding locality in global changes, particularly as they apply to climate change and variability. The other publications in this section are online resources that include climate data and social visualization tools that allow identification of hot spots vulnerable to climatic change. The Climate Data Guide: Climate Data Strengths, Limitations, and Applications provides a review of climate databases that would be helpful in identifying physical science changes in a region. For assessing and mapping vulnerabilities to climatic events, the following resources can be used: Climate Change Vulnerability Assessment and Adaptation Tools and Fairbank and Jakeways 2006. The Scenarios Network for Alaska and Arctic Planning resource can serve as a guideline for planning and decision making on topics of climatic change.
Association of American Geographers GCLP Research Team, ed. Global Change and Local Places: Estimating, Understanding, and Reducing Greenhouse Gases. Cambridge, UK, and New York: Cambridge University Press, 2003. Mitigation is the central topic in this publication; however, the authors argue that information given on importance of place in the global change context remains critical in successful vulnerability assessments.
Climate Change Vulnerability Assessment and Adaptation Tools. Ecosystem-Based Management Tools Network.
This portal presents a set of tools that can help communities start planning for climate change in areas such as process, analysis, visualization, and socioeconomic and natural resources. Outside portals offer additional tools.
Climate Data Guide: Climate Data Strengths, Limitations, and Applications. National Center for Atmospheric Research.
Community-generated expert guidance directed toward researchers and students for efficient use and identification of climate data sets. This website does not generate social data sets, but guidance about high-quality climate data is useful for identifying impacts of climate change at desired scales. This is a training pack that will allow regional studies and mapping of climate change impacts in coastal areas. Resulting maps will identify hot spots of current and future vulnerabilities, thereby improving coastal management and reducing the impact and cost of climate change.
Intergovernmental Panel on Climate Change, Work Group II: Impacts, Adaptation, and Vulnerability.
The WGII of the IPCC provides varied resources, guidance, and citations on a broad range of issues related directly to vulnerability to climate change as well as associated impacts and adaptation strategies.
http://www.oxfordbibliographies.com/view/document/obo-9780199874002/obo-9780199874002-0040.xml?print 4/23
Scenarios Network for Alaska and Arctic Planning. University of Alaska, Fairbanks.
This web page constructs future scenarios for climatic changes to areas of Alaska, Central Canada, and West Canada; however, information could be useful for other areas as well. The scenarios are created by scientific models with individualand community-level inputs.
Types of Vulnerability
For ease of methodological presentation and conceptual navigation, this section divides the concept of vulnerability into two types: ecological/biophysical vulnerability and social vulnerability. We begin by reviewing definitions that span the purely ecological and the coupled social and ecological vulnerability fields and end with several definitions of vulnerability spanning the social sciences.
ECOLOGICAL/BIOPHYSICAL VULNERABILITY
The concept of ecological vulnerability, also referred to in the literature as biophysical or environmental vulnerability or the vulnerability of the built environment, is rooted in the natural risk-hazards, food security, and political ecology literatures and is nicely summarized by Belliveau, et al. 2006 . Like much of the earlier literature, Burton, et al. 1993 defines ecological vulnerability in relation to the likelihood of impacts from a natural hazard on an ecosystem (or community) and is focused on the characteristics of the hazard, such as its areal extent, magnitude, and frequency. and Parry and Carter 1998 show that each "exposure unit" in a system has a unique degree of sensitivity or resilience to stressors that is ultimately also dependent on an entire array of factors. Liverman 2001 introduces another aspect of environmental vulnerability, perhaps less intuitive: the vulnerability of those living in the most precarious physical environments or in environments that will undergo the most dramatic physical changes. The authors discuss the vulnerability of a population in the context of climate change and health, defining vulnerability as a function of the extent to which health or the natural or social systems that affect health are sensitive to changes in climate, the capacity of the population to adapt to new climate conditions, and the degree of exposure to the climate-related hazard.
Schröter, Dagmar, Colin Polsky, and Anthony G. Patt. "Assessing Vulnerabilities to the Effects of Global Change: An Eight
Step Approach." Mitigation and Adaptation Strategies for Global Change 10.4 (2005) : 573-595.
This paper provides a summary of the interrelated elements that form the basis of concept of global change vulnerability and defines vulnerability as "the likelihood that a specific coupled human-environment system will experience harm from exposure to stresses associated with alterations of societies and the environment, accounting for the process of adaptation" (p. 3). adds a fourth component to the three outlined by the IPCC, namely, the state of the system relative to a threshold of damage. Kelly and Adger 1999 shows that social vulnerability is determined by a large set of risk factors, apart from the ones related to biophysical events beyond a community's or group's control, such as those determined by climate change and its impacts. Luers and colleagues attempt to create measures of vulnerability applicable at any scale and for either a social or a physical parameter. Thus, these authors create generic metrics to assess the relationships between a wide range of stressors and their resulting variables of concern, using a general conceptual formula: vulnerability can be measured as a function of a system's sensitivity to stress divided by the state relative to a threshold and multiplied by the probability of exposure to stress.
The authors find that farmers, in the absence of adaptation strategies, are more vulnerable to market fluctuations than they would be to climatic changes. Sen argues that famines result not from insufficient food stocks, but from the lack of coordination for food access, through legal and customary means, in periods of political or climatic stress and shows that entitlements are determined by what groups produce, prices they receive and relative costs of food, and their access to markets and additional resources.
Measures of Vulnerability in Socio-ecological Systems
This section discusses various means of measuring vulnerability as well as a chronological vulnerability model. We begin by presenting the risk-hazards and pressure-and-release models typical of the 1970s and 1980s and subsequently offer alternative models and metrics used to measure vulnerability to climate change. We end our discussion with an argument for an expanded vulnerability analysis framework that can be multidisciplinary in nature and that can facilitate the coalescence of models and metrics that span several fields of inquiry.
RISK-HAZARDS AND PRESSURE-AND-RELEASE MODELS
Prior to the overt consideration of the linked human-environment system in multidisciplinary fields of inquiry, two models emerged as paramount in analyzing socio-environmental vulnerability: the risk-hazards and pressure-and-release models. The model most often used was the risk-hazards model originally proposed by Burton, et al. 1993 , which merely analyzed the impact of a hazard as a function of exposure to the hazard event and the sensitivity, dose-response, of the exposed entity, working from the hazard to the impacts. This model was subsequently criticized by disciplines such as human ecology for a failure to treat possible internal routes of the system in case of amplification or attenuation of the impacts, make distinctions among subsystems and subcomponents that might be differentially exposed to the hazard, or consider the role played by social structures and institutions in shaping these differential exposures and responses (see Turner, et al. 2003, cited under General Overviews) . As a result, the pressure-and-release model, into which some of the above critiques were incorporated in measuring vulnerability, started to be employed with Blaikie, et al. 1994 , in which risk is defined explicitly as a function of the stressor, stress, or perturbation and the vulnerability of the exposed unit, and it is from the cumulative pressures of these two elements, hazards and vulnerability, that disasters result. Pelling 2003 uses this model specifically to discuss the factors that elevate vulnerability in urban settings. However, when assessing the greater potential for contribution to sustainability science of the pressure-and-release model, Turner, et al. 2003 notes that this model fails to address the coupled human-environment system or multiscalar causal sequences of hazards or to estimate feedback loops beyond the system of analysis. That is, it fails to address nested hierarchical responses (later crystallized in the theory of panarchy).
Blaikie, Piers, Terry Cannon, Ian Davies, and Ben Wisner. At Risk: Natural Hazards, People's Vulnerability, and Disasters. London and New York: Routledge, 1994 .
The authors propose that the vulnerability of the exposed unit is an additive function of root causes, local geography, and social differentiation and is therefore differentiated according to various exposure units, such as class, ethnicity, gender, and income, thus epitomizing the pressure-and-release model. This model synthesizes social and physical vulnerability but focuses primarily on social aspects, and it even prescribes principles and some specific actions for recovery and disaster mitigation.
Burton, Ian, Robert W. Kates, and Gilbert F. White. The Environment as Hazard. 2d. New York: Guilford, 1993.
The authors introduce the risk-hazards model in the vulnerability discourse as a framework for analyzing the impact of a hazard as a function of exposure to the hazard event and the sensitivity, or dose-response, of the exposed entity. This framework specifically starts with the hazard and then determines what the impacts of that particular event may be. Pelling shows that urban disasters tend to hit the poor, the marginalized, and the excluded with disproportionate force. He proposes that an effective approach to measuring the vulnerabilities of cities would be to integrate agency and structure in examining the production of vulnerability in specific locations, while acknowledging the relevance of physical and ecological systems in generating hazards that can trigger disaster for various communities. These authors provide a compendious list of the elements that need to be included in vulnerability analyses (though failing to mention uncertainty). Elements critical for measuring vulnerability of coupled human-environmental systems include multiple interacting stressors and their sequencing, internal degree of exposure of a system, sensitivity, and the system's resilience and the degree of restructuring after disturbance. remain poor, using analyses of economic factors and social relations. The research on vulnerability to climate change primarily analyzes existing physical, social, and ecological system vulnerability to predict region-specific trends in future climate change, using a wide range of methods. The main underlying assumption for the unequal vulnerability of groups and societies related to global change is that vulnerability becomes exacerbated by preexisting inequalities. A key to modeling potential responses in adaptation and vulnerability is to use spatially explicit models that account for multiple stressors in the analysis, as proposed using stakeholder-based participatory vulnerability assessments and impact assessments to formulate practical adaptation strategies at different scales. When measuring vulnerability, the focus is on not only the analysis of stressors and their corresponding impacts, as the risk-hazard models propose, but also the characteristics of the system under stress and its ability to respond. Thus, Luers, et al. 2003 (cited under Social Vulnerability) argues that it is increasingly important to identify which systems remain at certain kinds of risk and, at the same time, to understand why they are at risk. The number of case studies and regional studies on the assessment of socio-ecological vulnerability remains large, but the development of measures of vulnerability involves a complicated and complex methodological and practical issue, mainly as a result of the difficulty of accounting for uncertainty in socio-ecological systems. How vulnerability will be measured and at what scale are highly dependent on uncertainty. The more complex the system and the more cross-scale interactions there are, the more uncertain the analysis can become and the more important the approach to dealing with uncertainty becomes. Tran and colleagues use a combination of a fuzzy ranking method and analytic hierarchy process to rank ecosystems in terms of environmental conditions, using land cover, populations, roads, streams, air pollution, and topography data to create maps of cumulative impacts from risks across large regions. Available online for purchase or by subscription.
ALTERNATIVE MODELS AND METRICS OF VULNERABILITY

Expanded Vulnerability Analysis
Another way to measure the vulnerability of coupled human-ecological systems to climate change is through the "expanded vulnerability analysis" method outlined in Turner, et al. 2003 (cited under General Overviews) resilience. This genre sprang from studies in Adger 2000 that clarified the link between the health of the resource base (as a measure of ecological resilience and livelihood diversification) and the socioeconomic well-being of resource-dependent communities. This train of thought was later developed by Adger, et al. 2002, which showed that the diversity and range of livelihood options and outcomes within a community increase the likelihood that the community will adapt and function in the Using longitudinal data on livelihood sources, the authors show that diversification of livelihood sources and higher income levels have a beneficial effect on socio-ecological resilience and indicate greater adaptability of coupled human-environment systems. That is, the more diverse the range of livelihood options and outcomes within a community, the more likely it is that the community will adapt and function in the face of adverse environmental changes. Available online by subscription. The authors propose the vulnerability scoping diagram, a common and widely applicable assessment structure for organizing and comparing information about exposure, sensitivity, and adaptive capacity, despite underlying measurement differences among cases. Available online for purchase or by subscription.
Schröter, Dagmar, C. Polsky, and Anthony G. This paper presents an implementable eight-step approach to global change vulnerability assessments and uses the examples of independent vulnerability assessments for the Great Plains region of the United States and for an agricultural region in Zimbabwe. Unfortunately, the authors do not offer a specific place-based study to illustrate the practical applicability of their approach. Available online for purchase or by subscription.
Influential Factors
This section discusses the factors that increase differential vulnerability of populations to climate change. A region's vulnerability is affected by more than just local changes in precipitation, natural phenomena frequency or intensity, temperature, and sea level rise. Distal and proximal factors can stress resources in a given place. The composition of a population, its location, and where and why it migrates present unique characteristics in understanding its vulnerability. At the same time, types of policies, governments, and economy primary sectors will further affect resilience.
DISTAL AND PROXIMAL FACTORS
Ecosystems and societies are vulnerable to a host of proximal or distal as well as internal or external stressors and perturbations, such as extreme climatologic and hydrologic events (storms, floods, hurricanes, tropical storms, tornados, tsunamis, droughts, dust storms, avalanches) and other, similar climate change-induced impacts (sea level rise); chronic environmental degradation (soil erosion, desertification, soil salinization and salt water intrusion, loss of biodiversity and overexploitation of land and ocean resources, eutrophication of fresh water resources, decreases in overall water availability, decreasing water quality); shifts in global and local economic markets resulting from changing trade policies, macro-and microeconomic oscillations, and a host of perverse incentives; the impacts of globalization (global tourism and its effect on coastal regions and sensitive ecosystems); social changes, such as increased human mobility (responsible for increased spread of vector-borne and infectious diseases) and erosion of conventional social networks and capital; governance, institutional, and political changes (wars and instability); and emerging technological hazards, to mention but a few. In effect, the social and ecological vulnerability to disasters or any other extreme or chronic event is directly influenced by the level of resilience in the system existing before and after the event has occurred (Adger, et al. 2005) . A large part of vulnerability, apart from natural disaster-induced vulnerability, comes from people's perceptions of insecurity regarding food supply and other types of economic well-being indicators and also from perceptions of security from fights and conflicts (Hewitt 1997). Another important set of drivers of social vulnerability is the socioeconomic structure and property relations in a community, analyzed under the general denomination of entitlements in Adger and Kelly 1999, and mentioned as one of the three major drivers of vulnerability in Turner, et al. 2003 (cited under General Overviews) , along with livelihood diversification and resilience. The idea of entitlements as a driver of social vulnerability is based on the assumption that a community's ability to cope with and adapt to stress is directly dependent on the extent to which individuals and groups are entitled to make use of certain resources, more specifically the framework of legal and customary rights to exercise command over food resources and other basic necessities. This research builds on the work of Sen 1981 (cited under Social Vulnerability), which argues that famines result not from insufficient food stocks, but from the lack of coordination for food access, through legal and customary means, in periods of political or climatic stress. Using the example of Indonesia to support their argument, the authors make a very strong case that the outcomes of given extreme events and the ecological and social vulnerability to disasters are very strongly influenced by the degree of resilience present in a system before and immediately after the extreme event or disaster.
Adger, W. Neil, and P. Mick The idea of entitlements as a driver of social vulnerability is based on the assumption that a community's ability to cope with and adapt to stress is directly dependent on the extent to which individuals and groups are entitled to make use of certain resources, more specifically the framework of legal and customary rights to exercise command over food resources and other basic necessities. Available online for purchase or by subscription. This book provides an excellent review of the various factors that make technological and natural hazards even more dangerous to humans, thus highlighting the idea that vulnerability-producing conditions and processes have social, economic, cultural, and political aspects that go beyond the normal environmental events that create disasters.
HUMAN POPULATION DYNAMICS
This section discusses the dynamics of human populations within different environments. Human population dynamics is divided into four distinctive groups pertinent to vulnerability assessments: urban environments, rural environments, small island states, and environmental migrations. Urban and rural environments are readily found in all countries and regions of study. Living in a rural environment makes populations more vulnerable, owing to the distances required to travel in order to acquire services and resources. However, urban environments also experience vulnerabilities, owing to high population density, which brings greater stress to infrastructures, resources, and services. In contrast, not every location would have the characteristics of small island states or experience environmentally induced migrations. Small island state vulnerabilities are formed by a combination of limited resources, land availability, location, and population density, among other factors. These three types of settlements have the possibility of experiencing environmentally induced migrations. are potentially controversial because they could be seen as part of the problem and, at the same time, as part of the solution.
Vulnerabilities could increase or decrease as a result of migration patterns and where and why they unfold.
Living in Urban Environments
In the early 21st century half the global population resides in urban environments. These environments are increasingly popular and convenient because of increased availability of services and resources within short distances. Despite the many benefits, living in cities creates a unique set of vulnerabilities to climate change. Cities sometimes struggle with sudden increases in residents, which stress demands for resources, infrastructure capacity, and professional services. As recently as the 1980s, "megacities" (cities with 10 million or more inhabitants) were formed by 2 percent of the world's population; in the early 21st century that percentage has doubled. By 2015 each megacity could be inhabited by 400 million residents (de Sherbinin, et al. 2007 ). Because of transportation and economic benefits, many cities are located at low altitudes, which makes them more susceptible to sea level rise and the effects of increasing occurrence of extreme events, such as tropical cyclones. Middle-and low-income cities are pressured to sustain infrastructure and service requirements adequately, in the face of an increasingly growing urban population. This book identifies risks and vulnerabilities of cities in Africa, Asia, and Latin America and suggests how they could adapt to those changes. Each city possesses a distinctive combination of system characteristics that generate place-based vulnerabilities. This article analyzes these vulnerabilities in three global cities: Mumbai, India; Rio de Janeiro, Brazil; and, Shanghai, China. As stated by the authors, the article does not attempt to identify specific vulnerabilities in each city, but rather uses a hybrid model that incorporates scenario-based models (top-down approach) with vulnerabilities mapping (bottom-up approach).
Organization for Economic Co-operation and Development. Cities and Climate Change. Paris: Organization for Economic Co-operation and Development, 2010.
This book is directed toward governments of cities and metropolitan regions in an effort to raise awareness and generate action toward impacts of climate changes. Climate change, urbanization, and economic growth are examined along with impacts of climate change specific to urban regions.
Romero Lankao, Patricia, and Hua Qin. "Conceptualizing Urban Vulnerability to Global Climate and Environmental Change." Current Opinion in Environmental Sustainability 3.3 (2011): 142-149.
The authors present limitations that still challenge urban vulnerability research despite the growth in this area in the late 20th and early 21st centuries. This review proposes that interdisciplinary approaches in modern urban vulnerability research need to be synergized. Available online for purchase or by subscription. The authors of this book are from a wide range of cities, in both developing and developed countries. The authors discuss risk frameworks, cross-cutting issues, and case studies in sectors such as health, water, transportation, energy, land use, and governance.
Living in Rural Environments
Rural environments are more vulnerable to climatic changes, particularly in developing countries, because their economies depend more directly on natural resources. Perception is key to adequate management of climate change and can lead to vulnerabilities through different sociocognitive factors. This paper presents a conceptual model and empirical relations between social identity and adaptation, perception, and motivation, using, as an example, coffee organizations in Mexico. Available online for purchase or by subscription. Nelson and colleagues targeted this paper at audiences who give policy advice, with a focus on Australia's rural communities.
The authors offer a combination of holistic actions of adaptive capacity and hazard/impact modeling. This combination provides insights into numerous dimensions of vulnerability, including emergent ones. Available online for purchase or by subscription. 
Small Island States
Small island states display diverse culture, history, politics, and populations. Yet, all of them are searching to achieve sustainability in the face of rising sea levels. Vulnerabilities to climate change for island populations are unique because of the existing constraints of limited land, which induce limited resources; vulnerability to global developments; small, highly dense populations; susceptibility to environmental hazards; and excessive dependence on international trade (Mercer, et al. 2007 Interactions between local dynamics and global pressures have produced an increase in human vulnerabilities. This article provides a framework for assessing these types of interactions. Pelling and Uitto search to find causes of vulnerability and to learn how globalization would change the nature of those vulnerabilities. Available online for purchase or by subscription.
Environmental Migration
Overall, the literature agrees that environmentally-induced migrations will emerge in unprecedented scale and scope. Three distinguishable factors will increase the difficulty of future projections and complexity when examining environmental displacements: magnitude of changes at global scale is a new phenomenon, effects will not be localized or episodic, and humans are at the center of these changes and have potential to respond to them (Warner, et al. 2010 ). In the context of climate change, migration remains a controversial topic that may be both a driver of vulnerability and, as discussed in Bardsley and Hugo 2010, a solution for coping with environmental change. Despite the importance of migration, its interactions with climate change remain little understood. Among the more salient studies, Findley 1994 demonstrates that migration did not increase overall under a severe drought; however, analysis of age-sex composition of migrants showed an increase in the migration of women and children. Barbieri, et al. 2010 and Black, et al. 2011 This paper demonstrates the relationship between climate change, economic impacts, and migration. The paper contains state-and municipal-level migration scenarios driven by changes in performance of the primary economy sectors caused by a changing climate. The paper also discusses how to factor the increased vulnerability of migrant groups into Brazilian public policy and planning. Available online for purchase or by subscription. This article contrasts poor women of the Southern Hemisphere with pro-environmentalist women of the Northern Hemisphere.
The author discusses gender assumptions and the danger of attributing by gender responsibility for environmental change. 
Mapping Vulnerabilities
Traditionally, vulnerability has been examined in isolation from other stressors. Moreover, organized methodology to operationalize vulnerability in the context of multiple stressors remains scarce (O'Brien, et al. 2004, cited under Social Vulnerability) . Spatially and temporally explicit information regarding place vulnerability can be assessed and effectively communicated with the use of mapping tools and various types of data, ranging from biophysical to socioeconomic, at different spatial and temporal scales (Antwi-Agyei, et al. 2012) . Mapping vulnerabilities to climate changes remains a relatively new and complex process that needs further critical assessment. Key challenges are inherent in the high degree of spatial and temporal heterogeneity associated with socioeconomic, physical, cultural, and societal judgments and diverse perceptions (Brooks, et al. 2005; Preston 2011 This study takes a multiscalar and multi-indicator approach to determining and mapping the vulnerability of crop production to drought in sub-Saharan Africa and proposes a series of methodological steps to improve vulnerability assessments in dynamic farming systems under stress climatically, socioeconomically, and politically. This draft report identifies gaps in the gender and climate change literature, outlines key connections, reviews best practices, and provides recommendations for future research. The paper's main focus is women's participation in decision making. 
